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1. INTRODUCTION

Accurate wavelength calibration of imaging spcctromc[er  data is essential if
proper atmospheric transmission corrections arc to be made to obtain apparent surface
rcfkctancc  (Gao ct al,, 1993). Accuracies of 0,1 nm arc ncccssary  for a 10 nrn-sampling
instrument in order to match the slopes of lhc deep atmospheric water vapor features that
(tominatc  the 0.7-2.3 WI rcgion(Goctz  C( al., 1991).

AVIRIS  (Vane ct al., 1993) is calibrated in the laboratory to dctcrminc the
wavelength position and full-width-half-maximum (FW}IM) response for each of the 224
channels (Chrien  ct al,, 1990). 7%c acc.uracics arc limited by the quality of the
monochromator  used as a source. ‘1’hc accuracies vary from iO.5 to i].5 nm depending
on the wavelength region, in general dcxxx+sing with increasing wavelength. Green ct al.
(1990; 1992) make corrcxxions to the wavelength calibrations by using the known
positions of 14 atmospheric absorption features throughout the 0.4-2.5pm wavclcng[h
region. These features, having varying width and intcnsily,  were matched to the
MODTKAN model (Rcrk ct al,, 1989) with a non-linear least squares fi[ting  algorithm.
A cornplcm  calibration was dcvclopcd  for all 224 channc]s by interpolation.

instrument calibration cannot bc assurnti to bo stable to 0.1 nm over a flight
season given lhc rigors of thcrtnal cycling and launch and landing loads, 7’hc upcoming
sensor } lYDICE (Rickard  ct al., 1993) will require a mums for in-flight spcclral
calibration of each sccnc because the calibration is both tcrnperaturc  and pressure
sensitive. In addition, any sensor using a two-dimensional army has the potential for
systematic wavchmglh shifls  as a function of cross-track position, commonly called
“smile” (Goetz  ct al., 1991). l“hcrcforc,  a rapid means for calibrating complctc  images
will bc required. l’hc following describes a method for determining instrument
wavelength calibration using atmospheric absorption fc.aturcs  that is cfficicnt  enough to
bc used for entire images on workstations. This study shows the effect of the surface
rcftwxancc  on the calibration accuracy and (1IC calibration history for l}IC AVIRIS  B
spcctromctcr  over the 1992 flight season.

2. M1lT]]O1)

The 02 absorption feamrc, centcrcd al 762 nm, was used here to tcsl various
methods for instrument calibration, Illc data used came from eight flighL$  spanning the
1992 flight  season for AVIRIS. Since or~ly the 762 nm band was used, only the B
spcctrornctcr  calibration of AVIRIS was tested.

The standard rnodcls,  such as ATREM (Ciao  c; al., 1993), used for radiomctric
correction arc based on spcclral  atmospheric transmission values given in IIITRAN
(Rothman cl al., 1987). In ATREM the IIITRAN data arc rcsamplcd  to provide an equal
wavelength spacing of 2.5 nm. l’hcrcforc,  wc chose to reprcxscnt  the 02 feature with
2,5 run sampks, deemed adequate given the AVIRIS F’WIIM of 9 nrn and sampling of
approximately 10 nm (fig. 1). Three AVIRIS charmcls  arc affected by the 02 band, but
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the shape of the band is dcpcndcnt  on the wavelength position of each individual detector
(fig, 2).

The apparent shape of the 02 band is dcpcndcn[ not only on the individual
dclcctor wavelength and spcctromctcr  resolution, but also on LIIC shape of the spectral
rcflcctancc  curve within the thrw channels affcctd (fig 3). This effect has bczn
rcxognizal  by others (Gao and Goctz, 1990; Cm-m-c and Concl,  1993) and accounted for
in the non-linwrr  least squares fitting routines. IIowcvcr, non-linear least squares is a
computing intensive bxhniquc,  not suitab!c for processing large image data sets rapidly.

The method chosen here makes usc of the slopes of the spectral curves about the
band-ccntcr  wavelength channel (fig 4). The model spectrum is resampk.d  using 100
different sets  of wavelengths, each differing by 0.1 nm. Ratios of slopc(lcfl)/slopc(right)
arc taken and the results for all possible ratios arc shown in figure 5. The pmccdurc  for
determining the actual wavelength of the ccntcr channel is as follows: (1) Divide the
AVIRIS radiance spectrum by the cxo-atmospheric solar irradiancc spectrum. (2)
Correct for the slope of the surface spectral rcflcctancc  by assuming a linear change in
rcflcctancc  bctwccn the channels adjacent to the channels affcxlcd  by the 02 absorption.
(3) Calculate the mtio of the slopes of the two sides of the 02 feature. (4) Dctcrminc  the
ccntcr wavelength from the look-up table, the values of which arc plotted in figure 5.

‘3. . RI~suI,Ts

Figure 6 shows the results of an analysis of a full sccnc of data from the June 21,
1992 covcragc of Blackhawk  Island, Wisconsin. The histograms show the distribution of
calculatwl  ccntcr-channel wavelength values for data with and without surface rcflcctancc
corrections. The separation bctwccn the two peaks is the greatest for vcgctatcd  areas
bczausc the 762 nm band lies at the shoulder of the NIR plakau in vegetation rcflcctancc.
The width of the distributions can bc attributed to sysmrn noise and variations in surface
materials. Thcrcforc, it is important to calculate the band ccntcr  for a large number of
pixels to get an accurate wavelength value. Figure 7 shows the results calculated from
vegetated and unvcgctatcd areas within the Itlackhawk  island image. ‘Il~c offset bctwc.cn
the two curves is.4 nm and can bc attributed to the assumption of a linear surface
rcflcctancc  curve over the 50 nm wavelength region bridging the 02 absorption fcalurc.
and the width of the distribution can bc attributed to systcm  noise only,

A number of images from the 1992 AVIRIS  flight season were proccsscd.  ‘l%c
ccntcr wavelength position was constant for sccncs from two different overflights taken
on the same day. Figure 8 shows the variation of the ccntcr wavclcnglh  position of
channel 42 with time. The wavelength calibration file accompanying the image data
gives a value of 764.0 nm. The maximum variation is only 3 nm, but this bccomcs
significant when atmospheric correction is attempted. l;igurc 9 shows the results of the
app]icalion  of the ATJWM  program to data from Gainesville, Florida taken July 8 under
very high humidity conditions. The proper calibration is most important here bczausc  of
the great depth of the unsaturatwl  atmospheric water absorption fcdurcs. The properly
calibrated data set has far fewer artifacts than the onc using the published wavelength
values. AVIRIS contains an onboarct  calibration capability using fihcrs.  The data have
not yet been chcckcd to confirm the shift.

4. CONCI.USIONS

Wc have shown that,  at least for the 762 nm 02 absorption band, it is possible to
calibrate AVItUS , using in-flight data, to an accuracy of iO.2 nm regardless of the
surface rcftcctancc.  This t~hniquc could bc cxtcndcd  to other atmospheric features in
the wavelength range covcrcd by AVIRIS and } IYDICE. Ihc rapid analysis made
possible by our algorithm will make it feasible to analyze each image from sensors such
as J IYDICR, for which systematic wavelength calibration changes during flight arc



anticipated.
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Figure 1. ‘1’hc oxygen feature at
HITRAN and AVIRIS resolution and
sampling,
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Figure 4. The lcfl  and right sides of
the oxygen feature are used in
calculating the ratio.
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Figure 2. Oxygen band with sensor Figure 3. Oxygen transmittance and
center wavelengths varying by 2 nm. vegetation reflectance spwtra. Note

the increasing S1OW in the vegetation
spectrum.
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Figure 5. Ratios of two sides of the Figure 6. Oxygen band center
oxygen fcrrturc  for 100 different histograms for the full Illackhawk
sensor wavelength calibrations. Island sccnc,  corrcctcd and uncorrected
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Figure 7. Hislograrns  of the oxygen Figure 8. Calculated oxygen band
band ccntcrs for vcgctatcd and ccntcr wavelengths for eight sccncs
nonvcgctatcd  areas near Blackhawk over the 1992 flight season.
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Figure 9. Rcftcctancc  spectra in
AVIRIS  spcctromctcr  It calculated
using ATREM from Gainesville,
Florida. Wavelengths for the corrcctcd
spectrum were shifted by 2.8 nm.


